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This occurred at concentrations of the antibiotic too low to inhibit the growth of the organism in either agar media or broth cultures. Nonpigmented cells were produced in broth by either adding streptomycin or incubating at 37 C. After being washed and resuspended in aqueous saline containing either casein hydrolysate, L-proline, or a glycine-succinate mixture and incubated at 27 C for 24 hr, these cells formed pigment. The appearance of pigment was preceded by a lag period of 10 hr. Prodigiosin production by these washed suspensions of cells was completely inhibited by either streptomycin or glucose, or by incubation at 37 C instead of 27 C. Even though pigmentation by washed-cell suspensions was induced by proline, the utilization of proline was not affected by streptomycin or glucose, or by incubation at 37 C. To block pigmentation completely, streptomycin had to be added to prolinesupplemented cells before they were 10 hr old. Addition of the antibiotic after the end of the induction period caused either partial or no inhibition of pigment production. Streptomycin caused an increase in the endogenous respiration of S. marcescens but failed to affect the constitutive enzymes that oxidize glucose. The possible relationships of these phenomena are discussed. Weil (1952) reported that low concentrations of chloramphenicol and certain tetracyclines inhibit the synthesis of prodigiosin while permitting growth by Serratia marcescens. He noted the potential value to "mode-of-action" studies of an organism having certain functions selectively inhibited by antibiotics. We confirmed Weil's (1952) observations and found that streptomycin at low concentration would also inhibit the synthesis of prodigiosin without impeding growth.
Further studies of the selective inhibition of prodigiosin synthesis by streptomycin were performed using nonproliferating suspensions of washed cells (Gott and Williams, 1961) . Either a glycine-succinate mixture or L-proline could cause nonproliferating cells to form pigment. A period of induction preceded the formation of pigment. Either streptomycin or glucose, or an incubation temperature of 37 C, inhibited the proline-induced pigmentation by washed cells. Further investigations provided insights to these findings.
MATERIALS AND METHODS
A mutant of S. marcescens strain Nima, called Dl, was used in these studies. Strain Dl formed a bright red pigment when grown on the "complete" agar medium of Williams, Green, and Rappoport (1956) for 24 hr at 27 C. But when as little as 1.0 /.g/ml of streptomycin (sterilized by filtration) was added to the medium, pigmentation, but not growth, was inhibited. Further studies showed this selective inhibition by streptomycin to be rather common among strains of S. marcescens.
Crops of nonpigmented cells were raised in 250-ml Erlenmeyer flasks containing 50 ml of the complete broth of Williams et al. (1956) . These cultures were incubated at 37 C for 15 to 20 hr on a rotary shaker (New Brunswick Scientific Co., New Brunswick, N.J.; model 5822) operating at 200 rev/min. Gott and Williams (1961) grew stationary broth cultures at 37 C to obtain nonpigmented cells. If 25 ,g/ml of streptomycin were added to the complete broth, colorless cells could be obtained also at 27 C. Both kinds of colorless cells formed pigment when washed and treated as described below.
The nonpigmented cells were separated aseptically from the supernatant fluid by centrifugation and washed three times in 0.85% sterile aqueous saline. The cells were then resuspended in saline to one-half the original volume of their cultures. These suspensions contained approximately 5 mg/ml of dry cell weight. Samples (4 ml) of the suspensions were then dispensed into sterile, cotton-stoppered bottles (38 X 94 mm). These suspensions were supplemented as indicated and incubated at 27 C on the rotary shaker. Except where noted otherwise, they were observed for pigmentation after 24 hr. Gross differences in pigment were estimated visually. The solvent-alkaline extraction procedure of Hubbard and Rimington (1950) , followed by readings at 537 m,u in a Beckman model B spectrophotometer, was used to quantitate smaller differences in pigmentation Amounts of 2' mg/ml each of individual amino acids, casein hydrolysate, and a 1:1 (wt/wt) mixture of glycine-sodium succinate were tested for their ability to cause pigmentation in suspensions of washed cells. The results of these experiments caused either L-proline or the glycinesuccinate mixture, as indicated, to be used for the subsequent studies of prodigiosin synthesis. The residual proline in the cell suspensions was quantitated by the ninhydrin method of Chinard (1952) .
Washed suspensions of nonpigmented cells were also used for the experiments in a Warburg manometric apparatus. These cells were prepared as described previously except the final saline suspensions contained approximately 10 mg/ml of cells (dry wt) instead of 5 mg/ml. DL-Proline-C14 (1 mg/ml, specific activity after dilution of 0.031 mc/mmole) and the cell suspensions were incubated in a Warburg apparatus for 3 hr at 30 C. The suspensions were then chilled to 5 C, and the cells were separated from the supernatant fluid by centrifugation and washed once in 0.85 % aqueous saline. The cells were fractionated by the procedure of Roberts et al. (1955) . The radioactivity of these fractions was assayed in a GeigerMuller tube counter with a printing timer set to record the time required for 1,000 counts. The background was counted for 30 min.
RESULTS
Plates of the complete agar medium plus 12 ,ug/ml of streptomycin were inoculated with the Nima strain of S. marcescens and incubated at 27 C. No growth appeared during the first few days, but after 5 days of incubation small colonies, either red or white, appeared. One of the white isolants, called Dl, formed large, unpigmented colonies in 24 hr at 27 C when subcultured on the complete agar containing streptomycin (25 ,ug/ml). Under these conditions, about 2 to 4 colonies of every 1,000 were red. Isolant Dl had the normal color of prodigiosin when grown on antibiotic-free medium for 24 hr at 27 C.
Antibiotic sensitivity discs were saturated with a range of concentrations (1.0 to 100 ,g/ml) of different antibiotics. These discs were placed on the surface of complete agar freshly inoculated with either the D1 or the Nima strain of S. marcescens. After incubation at 27 C for 24 cells per ml in both the streptomycin-supplemented and the control suspensions). Pigmentation by these suspensions could be blocked also by incubation at 37 C or by the addition of 10 mg/ml of glucose (Table 2) .
Next we studied the effects of streptomycin, glucose, and a 37-C temperature on the assimilation of proline by washed suspensions of S. marcescens Dl. The uptake of proline was unimpaired by the three conditions found to inhibit the production of prodigiosin (Table 3) . Also, streptomycin did not affect the distribution of radioactivity among the various fractions of cells incubated in uniformly labeled DL-proline-C'4 (Table 4) .
When supplemented with L-proline, the suspensions of colorless cells pigmented only after a lag of 10 to 12 hr (Fig. 1) . If streptomycin (10 ,ug/ml) was added at any time during the lag period, pigmentation was inhibited completely. However, if the addition of streptomycin was delayed until after pigmentation started, further pigmentation did occur. The degree of this "poststreptomycin" synthesis varied directly with the period of delay in adding the antibiotic. Cells receiving streptomycin after 18 hr of incubation produced nearly as much prodigiosin as did the controls.
Thus, as little as 10 jug/ml of streptomycin inhibited the inducible synthesis of prodigiosin by washed suspensions of S. marcescens Dl. But as much as 10 mg/ml of the drug failed to inhibit the constitutive enzymes that oxidize glucose (Fig. 2) . Streptomycin, when added at the beginning of the incubation period, actually stimulated the endogenous respiration of these cells (curve B, Fig. 2 ). After 3 hr in the presence of streptomycin, these stimulated cells still oxidized a delayed addition of glucose as well as did cells which had received no antibiotic (Fig. 2, curve C) .
DISCUSSION
The occasional red colonies among the white ones of S. marcescens Dl growing on agar supplemented with streptomycin showed that prodigiosin synthesis may be either sensitive or resistant to streptomycin. In other experiments (Blizzard, 1962) , even a streptomycin-dependent synthesis of pigment was found to exist in some strains of S. marcescens. This report concerns mainly the streptomycin-sensitive synthesis of prodigiosin by washed suspensions of S. marcescens DI. Cells grown at 27 C in a culture medium containing streptomycin were colorless. But these same cells formed pigment after being washed and suspended in saline containing casein hydrolysate, L-proline, or a glycine-succinate mixture. This indicates that the synthesis of prodigiosin is not irreversibly destroyed by streptomycin.
Studies with proline-CH4 suggest that the amino acid or 5-carbon units derived from it form the pyrrole rings as well as the amyl group of prodigiosin (Marks and Bogorad, 1960) . We found streptomycin, glucose, and incubation at 37 C to prevent pigmentation by proline-supplemented, washed cells. But none of these conditions retarded the assimilation of proline, and streptomycin did not alter the cellular distribution of radioactivity from proline-CH4.
Streptomycin inhibited pigmentation completely only when added during the 10-hr induction period preceding the appearance of prodigiosin. The isolation of a dipyrrole precursor (Santer and Vogel, 1956 ) and the syntrophic production of pigment by white strains of S. marcescens (Rizki, 1954; Williams et al., 1956) indicate that the monopyrrole and dipyrrole moieties of prodigiosin are formed independently. These are probably conjugated to form the complete molecule (Wasserman et al., 1960) .
Perhaps the proline assimilated by our cells in the presence of streptomycin was converted to the pyrroles. But the antibiotic prevented the conjugation of these precursors. The inhibition of the synthesis of inducible enzymes by antibiotics has been noted before (Creaser, 1953; Polglase, 1956; Perlman, Weinstein, and Peterson, 1957) .
Also, one may speculate that proline plays a more subtle role in pigmentation than acting only as a direct precursor. Streptomycin stimulated the oxidation of certain endogenous substances without affecting the constitutive enzymes that oxidize glucose. The amino acid, together with these endogenous materials, may be needed for the synthesis of the inducible, prodigiosin-forming enzymes. Billen and Lichstein (1951) found that glutamic acid stimulates the synthesis of formic hydrogenlyase.
These selective inhibitions of prodigiosin synthesis in washed cells should provide useful tools for further studies of the formation of prodigiosin and inducible enzymes. Until then, the interpretations of these data must remain largely speculative. 
